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Identification of Fog with NOAA AVHRR Images 
Jun-ichi Kudoh and Shoichi Noguchi 
Abstract-Fog often occurs from June to September on the 
Pacific side of northern Japan. As a consequence of poor visi- 
bility, there are many disasters at sea. By identifying fog using 
satellite data, accidents at sea could be reduced. In this paper, 
we attempted to identify fog using image-processing data from 
the NOAA Advanced Very High Resolution Radiometer 
(AVHRR). AVHRR sensors measure radiation at visible, near- 
infrared, and infrared wavelengths. Here we restrict our atten- 
tion to daytime data from channel 1 (CHl), channel 3 (CH3), 
and channel 4 (CH4) for a detection range of A = 0.58 - 0.68 
pm, A = 3.55 - 3.93 pm, and A = 10.5 - 11.5 pm, respec- 
tively. We define the fog in this paper as observed by a light- 
house keeper. We use CH3 and CH4 because these channels 
contain the thermal information of such fog. We have analyzed 
by image processing, the data obtained from CHI, CH3, and 
CH4, by forming two- and three-dimensional histograms and 
enhancing them in color. The fog analysis technique enables a 
nonmeterologist to have a preliminary guess regarding the re- 
gions of fog in this histogram. 
I .  INTRODUCTION 
OG often occurs from June to September on the Pa- F cific side of northern Japan. During this period, as a 
consequence, there are many disasters at sea. If fog lo- 
cation and area are known, accidents at sea can be re- 
duced. This can be achieved by processing image data 
from the National Oceanic and Atmospheric Administra- 
tion (NOAA) [ l ]  satellites that are received every day. 
There are sometimes very small differences between fog 
and other cloud types as detected by satellite. In reality, 
fog is low-lying cloud that impairs navigators. The Glos- 
sary of Meteorology requires visibility in fog to be less 
than 1 km [2]. 
In this paper, we explain the term fog in Section 11, 
because the exact meaning of fog should be made clear 
before defining its detection methodology. From an image 
processing standpoint [3], we tried to identify the fog 
using a two- and three-dimensional analysis method. In 
our suggested fog detection and analysis method, the X ,  
Y ,  and Z axes of histogram directly correspond to CH 1, 
CH3, and CH4, respectively. The occurred clusters in this 
spatial distribution are analyzed by comparing land infor- 
mation [4]. This analysis can serve as a preliminary guess 
for use by a nonmeteorologist. 
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TABLE I 
MEASURED WEATHER CONDITIONS AT SELECTED COASTAL STATIONS ON 
AUGUST4,  1989 
(Visibility by lighthouse keeper) 
Time (A) Shiriya (B) Ohma (C) Kinkasan 
( N : 4 I 0  26') (N :41"  33') (N :38"  17') 
1989.08.04 (E :  141" 28') (E:  140" 55') (E:  141' 34') 
(JAPAN) 
6: 15 Fog(500 m) 
6:22 
6:25 Fog(2OO rn) 
7:06 NOAA-IO Measurement 
7:15 
7:22 Fog(200 m) 
7:25 Fog(300 m) 
Fog(200 m) 
Cloud( 1000 m) 
11. DEFINITION OF FOG I N  THIS STUDY 
We define fog in our study as follows: (1) Season: from 
June to September; (2) Area: Tohoku area on the Pacific 
side of northern Japan; and (3) Identification: observation 
by a lighthouse keeper. Also, as the first step in this pa- 
per, we have considered satellite and ground-based ob- 
servations, during morning time. Therefore, satellite data 
are limited to NOAA-10, which passes overhead at about 
0700 local time each day. In this case, surface observa- 
tions of fog were supplied by Second Region Maritime 
Safe Agency Headquarters. Table I lists the part of data 
by location, observation time, weather conditions, and 
visibility. In this paper, the term "cloud" means clouds 
other than fog. 
111. RELATIONSHIP BETWEEN FOG A N D  NOAA AVHRR 
IMAGES 
A.  NOAA AVHRR Images 
The detailed ranges of the multispectral images of 
NOAA AVHRR [5]  are: CH1: ( A  = 0.58 - 0.68 pm: 
visible); CH2: ( A  = 0.73 - 1.10 pm: near-infrared); 
CH3: ( A  = 3.55 - 3.93 pm: infrared); CH4: ( A  = 10.5 
- 11.5 pm: infrared); and CH5: ( A  = 11.5 - 12.5 pm: 
infrared. 
The subject location is Tohoku in Japan, situated north 
of Tokyo. The image area is divided into 1024 X 1024 
pixels (1 pixel is nominally 1.1 km) centered on the To- 
hoku region. The target channel is from CHI to CH4 be- 
cause the NOAA-10 AVHRR has no CH5. These channel 
images are navigated geographically. Especially as a re- 
sult of calibration, CH4 consist of brightness temperature 
images. Although one pixel of the original data was 10 b 
it was normalized to 8 b and all pictures were thinned out 
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Fig. I. NOAA AVHRR images: ( a )  C H I .  (b) CH2.  
(a)  
Fig. 2 .  NOAA AVHRR inirrges; (a) CH3. ( h )  CH4. 
to 512 X 512 pixels because of memory size limitations 
and processing time requirements. 
B. Observation of Images 
CHI and CH2 subject scenes are shown in Fig. I(a and 
b), with the contrast enhanced for display purposes. Fig. 
2(a and b) shows the same for a CH3 and CH4 image. 
We cannot recognize the existence of noise in all these 
images. The data of these figures were recorded at 0706 
Iocal time on August 4, 1989, corresponding to 2206 UTC 
on August 3,  1989. 
Fig. l(a) is from CH 1 ,  in which land areas are difficult 
to recognize. Fig. l(b) is from CH2, in which land areas 
can be recognized clearly. CHI is more suitable for fog 
detection than CH2. So, CHI is used for fog identifica- 
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tion, thereby reducing the chance of confusing fog with 
land. Fig. 2 contains infrared images. Fig. 2(a) is from 
CH3, which is in an infrared atmospheric window. Al- 
though it is difficult to use CH3 in daytime because of 
both emitted thermal and reflected solar contributions to 
the upwelling radiance [6], [7], we found that it is pos- 
sible to make use of most of the CH3 data in our two- and 
three-dimensional analysis. Fig. 2(b) is from CH4, which 
measures far-infrared thermal radiation. CH4 has been 
converted to brightness temperatures. High temperatures 
are white and low temperatures are black in Fig. 2(b). 
IV. HISTOGRAMS AND IMAGE ANALYSIS 
A. Two-Dimensional Histogram 
A two-dimensional histogram technique is a processing 
method for the two image channels of the NOAA AVHRR 
to the X, Y axes of a graph whose axes are the brightness 
or gray-level values between 0 and 255. As this histogram 
displays the information of the two images at the same 
time, it is possible to extract feature information or clus- 
tering of meteorological objects in the pictures. This is a 
method that has been applied successfully to general sys- 
tems [8]-[ 101. 
B.  Two-Dimensional Analysis 
Fig. 3(b) shows the results of a two-dimensional anal- 
ysis using CHI and CH3. In Fig. 3(a), latitude and lon- 
gitude along with the boundary line of Japan is superim- 
posed on the CH 1 image. It can be seen from Table I that 
fog was detected at Shiriya (N:41" 26', E :  141" 28') at 
0625 and 0725 local time. So, in the pass for NOAA-10 
at 0706 local, which is in between the above observation 
times, the image should contain fog. In Fig. 3(a), the yel- 
low cursor is placed at Shiriya. At this location the image 
data of CHI and CH3 ar nc1080489 and nc3080489, re- 
spectively, and their values of brightness are 46 and 201. 
The first digit of image data is the channel number and 
the rest is observation date (CH#-month-day-year). 
Fig. 3(b) is a two-dimensional histogram, the fre- 
quency of X, Y values are displayed as gray-levels from 
black to white. The lowest frequencies were painted in 
white in  order to obtain a clear picture. Fig. 3(a) image 
information at the location of the yellow cursor is marked 
by a circle on the histogram in Fig. 3(b). 
In this case, the boundary of the cluster belonging to 
the circle marked is unclear, so it is difficult to identify 
the cluster exactly. It appears, as a first guess, that the 
gray area around the circle might be a fog cluster in the 
two-dimensional histogram. 
C. Three-Dimensional Histogram 
A three-dimensional histogram technique is a method 
which displays the brightness values between 0 - 255 of 
the three images from the three different channels of the 
NOAA AVHRR to the three X, Y, and 2 axes of a graph. 
This histogram contains the information of each individ- 
ual image at the same time, so that it is possible to extract 
property information or clustering of the subject explic- 
itly. 
The three images are imagel, image2, and image3, 
corresponding to CH1, CH3, and CH4. The length and 
breadth of an image is described as x and y .  The bright- 
ness values of the pixel are 11, 12, and Z3, which corre- 
spond to three images of imagel, image2, and image3, 
respectively. In this study, three-dimensional spatial dis- 
tribution means the brightness distribution of I , ,  Z2, and 
Z,. As all the images from CH 1 to CH4 have 5 12 X 5 12 
pixel and 256 levels, the ranges of (x, y) and [ I , ,  I , ,  131 
are as follows: 
(0, 0) 5 (x, y )  5 (511, 511) (1) 
(2) [0, 0, 01 I [ I t ,  I,, I,] I [255, 255, 2551 
where, ( )  is coordinates of the length and breadth of an 
image, and where [I  is the axis of coordinates of the 
brightness of imagel, image2, and image3. In these three 
images the pixel number P, which is counted by scanning 
the images, and corresponds to a l ,  a2, and a3 of the im- 
ages, is described by (3): 
SI1 511 
P [ I , ,  1 2 ,  131  = c c 6{a, ,  1l(& y ) )  * 6{aYz9 12(& Y , )  
- 6{% Idx, Y > >  (3) 
r = O  ? ' = O  
[0, 0, 01 I [ai,  CY^, a31 5 [255, 255, 2551. (4) 
The range of P is described by (5): 
0 I P 5 512 x 512 (5 ) 
where, 6 { i ,  j ) = 6,,, is Kronecker delta [ 141. 
The distributed of P corresponds to the components of 
the individual images, which depends on the physical 
properties of three channels. Thus the distribution of P in 
the three brightness spatial distribution is obtained by 
scanning all areas of al  - cy3. This distribution is the 
most important part of fog analysis. For the display 
method of the three-dimensional histogram of the NOAA 
AVHRR images, refer to J .  Kudoh and S.  Noguchi [13]. 
D .  Three-Dimensional Analysis 
Fig. 4(b) is a three-dimensional histogram, in which X, 
Y, and 2 axes correspond to CH I ,  CH4, and CH3, re- 
spectively. This histogram is the rotation of X by - lo", 
Y by 150", 2 by - 10" at the origin. We found that the 
three-dimensional histogram in this case shows some 
identifiable clusters. 
The fog information was obtained by using a combi- 
nation of channels and applying it to a third. When the 
information of fog is inserted into each channel, the cor- 
responding cluster turns from gray to yellow. In Fig. 4(a), 
the results of a three-dimensional analysis are superim- 
posed on the picture obtained from CH1, in yellow. As 
the result of image processing, it becomes apparent that 
this area corresponds to fog. 
If the fog's cluster is displayed in the three-dimensional 
histogram, the three-dimensional analysis can be regarded 
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Fig. 3 .  (a) Object area in CHI. and (b )  a two-dimensional histogram 01 
CHI and CH3. 
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(b)  (a) 
Fig. 4.  (a)  Results o f  the fog analysis using the three-dimensional analysis 
of CH I .  CH3. and CH4 and ( b )  the three-dimensional histogram. 
as a means to find the ranges of X ,  Y ,  and Z of the cluster. 
We found the simplest method to be that of detecting the 
ranges directly from the three-dimensional histogram. 
This method needs free rotation of the three axes and dis- 
plays the control process in real time. In that case, the 
computer simply requires 360' patterns and 256' memory 
size. 
In this study, we developed the special method in which 
the cluster was detected from projection on X - Y ,  Y - 
Z ,  and Z - X planes. This method can decide the ranges 
I 
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of X, Y, and 2 axes of the cluster by using 2 X two-di- 
mensional analyses of different combinations. It requires 
only 2 x 2562 memory size, if the three axes are kept 
fixed. 
The fog information was obtained by using a combi- 
nation of channels and applying it to a third. In Fig. 4(a), 
the results of a three-dimensional analysis is superim- 
posed, on the picture obtained from CHI,  in yellow color. 
As the result of image processing, it seems that this area 
corresponds to fog. 
Also we found that the results show the existence of 
cloud that is not fog, i.e., we are able to distinguish be- 
tween fog and cloud. In addition, we found that cloud was 
over the fog in the western area of the analysis. An arrow 
pointing to the area around N : 37", E :  135" is marked as 
a circle on the three-dimensional histogram in Fig. 4(b), 
in which the cluster was different from the yellow one 
differentiating cloud from fog. 
The fog areas from Table I were included in all anal- 
yses, and these results correspond to a meteorologist's ob- 
servations. In this way, three-dimensional analysis is 
shown to be a powerful tool to identify the fog. 
V. DISCUSSION 
Fig. 3 shows the results in which fog was correlated to 
image information from CH3 and CH 1 .  The brightness 
level of CH3 (nc3080489) cross-marked in Fig. 3(a) is 
201. In Fig. 4(a), the brightness temperature level of the 
arrow pointed area (around N:37", E :  135"), from CH3 
is 112. It is difficult to figure out the difference between 
fog and cloud strictly, but we have tried to classify them 
roughly. The reason that the brightness temperature of fog 
is higher than that of cloud in CH3 is as follows: 
(1 )  The wavelength band of CH3 is near 4 pm, which 
belongs to both an emitted thermal band and a reflected 
solar band [ l  I]. The emissivity of fog is generally lower 
than that of cloud and the reflectivity of fog is higher than 
that of cloud [ 121. Even if the emissivity is the same, the 
reflectivity of fog is higher. In Fig. 2(a), whiter areas are 
considered higher reflectivity regions. 
(2) In general, the height of fog is lower than that of 
cloud. So, usually the temperature of fog is higher than 
cloud in daytime CH3 imagery, resulting in higher bright- 
ness temperature of fog than of cloud. 
In Fig. 4(b), the yellow cluster, which represents fog, 
in the three-dimensional histogram is on the upper side on 
the Y-axis (CH4 temperature), whereas the circle repre- 
senting cloud is on the lower side. Thus the three-dimen- 
sional histogram supports this second reason cited in the 
last paragraph. 
We found that, even as early as 0706 local, the bright- 
ness temperature of CH3 ( 1  12) is significantly higher than 
CH4 (51) (Fig. 4(b)). This is because of both emitted 
thermal and reflected solar contributions at CH3 wave- 
lengths. It is difficult for nonmeteorologists to identify the 
features of images using only CH3. Nonmeteorologists 
can quickly correlate the cluster in the three-dimensional 
histograms rather than the two-dimensional histogram to 
identify the regions of fog. 
In Fig. 4(a), it seems that the fog area (yellow region) 
is too large, when compared with Fig. 3(a). Probably, a 
meteorologist with experience in interpreting visible and 
infrared satellite images could produce a more accurate 
analysis of fog areas, though it might take a longer time. 
But for a nonmeteorologist using this technique, the anal- 
ysis could be a preliminary guess of fog areas for use by 
a marine weather forecaster of fog. In addition, analysis 
time from data reading to display the three-dimensional 
histogram takes less than 2 min using an engineering work 
station. We were able to develop a user-friendly three- 
dimensional analysis system at our lab. 
The measured data from satellite are changed by con- 
ditions, such as height of satellite, height of sun, etc. So, 
the specific threshold values of fog's brightness cannot be 
fixed. In this study, a cluster (whether it is a fog or not) 
is identified by user. To determine the exact area of the 
cluster is one of the aims of this method. Though the re- 
sult is a rough estimate, the three-dimensional analysis 
distinguishes between fog and clouds clearly. 
VI. CONCLUSIONS 
We have first correlated observed fog to NOAA 
AVHRR images by using two- and three-dimensional im- 
age analysis techniques. The conclusions of this study are 
as follows: 
(1) Here the image of fog is analyzed in a partially ob- 
jective, partially subjective way. It means that the surface 
observations of fog cannot be precisely extended through- 
out the entire extent of the fog as viewed in the satellite 
imagery. 
(2) The fog detection has been performed in the orig- 
inal imagery, and the corresponding cluster feature in the 
three-dimensional histogram is appropriately identified. 
(3) The characteristics of said cluster will be similar to 
fog clusters in other three-dimensional histograms, allow- 
ing for the recognition of such features as indicative of 
the presence of fog in the original imagery. 
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